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AbstrAct
Objectives: To study effects of various concentrations of hydrogen peroxide on mature waterline 
biofilms and in controlling planktonic (free-floating) organisms in simulated dental treatment water 
systems; and to study in vitro the effects of 2%, 3%, and 7% hydrogen peroxide on the removal of 
mature biofilms and inorganic compounds in dental waterlines.
Methods: Four units of an automated dental unit water system simulation device was used for 
12 weeks. All units were initially cleaned to control biofilms and inorganic deposits. H2O2 at concen-
trations of 1%, 2%, 3% was used weekly for periodic cleaning in three treatment group units (units 
1, 2 & 3), with 0.05%, 0.15% and 0.25% H2O2 in municipal water used as irrigant respectively. The 
control unit (unit 4) did not have weekly cleanings and used municipal water as irrigant. Laser Scan-
ning Confocal Microscopy and Scanning Electron Microscopy were used to study deposits on lines, 
and weekly heterotrophic plate counts done to study effluent water contamination. A 24 hour in vitro 
challenge test with 7%, 3% and 2% H2O2 on mature biofilms was conducted using harvested water-
lines to study biofilm and inorganic deposit removal. 
Results: Heterotrophic plate counts of effluent water showed that the control unit reached con-
tamination levels in excess of 400,000 CFU/mL while all treatment units showed contamination lev-
els <500 CFU/mL through most of the 12 weeks. All treatment units showed varying levels of biofilm 
and inorganic deposit control in this short 12 week study. The in vitro challenge test showed although 
there was biofilm control, there was no eradication even when 7% H2O2 was used for 24 hours.
Conclusions: 2% H2O2 used as a periodic cleaner, and diluted to 0.05% in municipal water for 
irrigation was beneficial in controlling biofilm and planktonic contamination in dental unit water 
systems. However, to remove well established biofilms, it may take more than 2 months when initial 
and multiple periodic cleanings are performed using H2O2. (Eur J Dent 2011;5:47-59)
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Biofilms (organic contamination) are routinely 
found in dental treatment water delivery sys-
tems.1-8 They can be observed colonizing within 
dental unit waterlines in as little as two weeks.9 
When viewed through a Scanning Electron Mi-
croscope (SEM), biofilms are characterized by 
microorganisms embedded in an extracellular 
matrix with thickness ranging from 30 to 50 mi-
crons that may allow chunks of material/biofilm 
to dislodge, thereby contaminating other areas 
of the dental treatment water system.10 Inorganic 
deposits (minerals) derived from dissolved salts 
in municipal water also contaminate the lines.11 
These inorganic deposits are found interspersed 
with biofilms and are difficult to remove with most 
periodic cleaners/disinfectants.11,12 Colonization 
and proliferation of many and varied species of 
microorganisms has been well documented in 
dental unit water systems.13-20 Apart from bacte-
ria, amoebae species have also been observed.21 
Some of these microorganisms found in this envi-
ronment have also been associated with hospital 
infections, and some in particular are of concern 
for the dental office.22-30 In one case, Mycobacteri-
um xenopi was implicated in 19 cases of pulmonary 
disease in a hospital with transmission occurring 
through infected aerosols when patients used a 
shower.29 Water spray related aerosols generated 
by high-speed handpieces; ultrasonic/Piezo elec-
tric scalers and air/water syringes are common 
place in the dental environment contaminating the 
immediate surroundings of patients seated in the 
chair.31,32 These sprays and aerosols generated in 
the dental office could be a potential route for the 
transmission of microbes.18,32,33
Atlas et al33 found Legionella in treatment wa-
ter from dental units, water faucets and drinking 
water fountains. Aerosols generated by the dental 
handpieces were the source of sub-clinical infec-
tion with Legionella pneumophila in a dental school 
environment.18 Fotos et al34 investigated exposure 
of students and employees at a dental clinic and 
found that, of the 270 sera tested, 20% had signifi-
cantly higher IgG antibody activity to the pooled Le-
gionella sp. antigen as compared with known nega-
tive controls. In a similar sero-epidemiological 
study Reinthaler et al35 found a high prevalence of 
antibodies to Legionella pneumophila among dental 
personnel. These two cornerstone sero-epidemi-
IntroductIon ological studies34,35 on Legionella a known patho-
gen, are of significant concern to both dental care 
providers (occupational exposure), as well as iat-
rogenic disease risk to patients.
Other than microbes, very high doses of bac-
terial endotoxins (>100 EU/mL) were measured 
in dental unit water, with even municipal water 
containing more that 25 EU/Ml.36 Exposure of the 
patient to certain microbes associated with respi-
ratory, enteric diseases or even conjunctivitis may 
be very plausible if the water quality is poor.37 The 
types of organisms may range from Amoebae, Le-
gionella to E. coli21seen in dental units connected 
to municipal water, or when connected to self-
contained reservoirs, which may be contaminat-
ed by the dental staff not following proper hand 
washing or aseptic procedures such as wearing 
gloves while handling self-contained reservoirs.37 
Considering the presence of these contaminants, 
control methods for cleaning and disinfecting the 
dental water system and providing quality irrigant/
dental treatment water is warranted. To avoid wa-
ter from passively dripping from the handpieces, 
air/water syringes, ultrasonic or Piezo electric 
scalers, devices are manufactured with a retrac-
tion mechanism. This mechanism can actively 
“suck-back” contaminants from the oral cavity 
with the introduction of oral contaminants includ-
ing microbes into the dental unit waterlines and 
the dental unit water system. Today, many dental 
water systems (with retraction mechanisms) are 
equipped with anti-retraction values to prevent 
suck-back of contaminants from the oral cav-
ity and/or are designed to give a short ‘terminal 
flush’ of water to push out any suck-back.38 In the 
in vitro experimental studies, even new and un-
used antiretraction valves were shown to be quite 
unreliable, leading to microbial suck-back into the 
waterline system from the patient end.39,40 Factors 
associated with biofilm formation in dental unit 
water systems could be-- long periods of stagna-
tion, high surface to volume ratio, nutrient content 
of water for the microbial survival, mineral con-
tent and hardness of water facilitating coating of 
the lumen, fluid mechanics such as laminar flow, 
low flow rate, microbial quality (bacteria, fungi, 
protozoans and nematodes) of the water entering 
the system, and failure of anti-retraction valves 
leading to contamination from the oral cavity of 
patients.37,39,40 
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Flushing dental unit waterlines (DUWLs) with 
water at the beginning and end of patient treat-
ment session have been previously advocated.41,42 
This flushing protocol, as recommended earlier 
by the U.S. Department of Health and Human Ser-
vices,43,44 may diminish planktonic organisms for a 
short period of time but will not eliminate contam-
ination or control biofilms. One study concluded 
that a two minute flushing reduced the counts of 
planktonic organisms, on average by one-third, but 
did not reduce counts to zero.6 While it may pro-
vide transient reduction in planktonic microbes, 
purely flushing the water for a few minutes prior 
to treatment is not effective in biofilm control.21,45 
Investigators have tested methods such as inline 
micro filter devices,7,8 flushing water lines with 
various disinfectant solutions which include hy-
drogen peroxide based chemicals,46,47 chlorhexi-
dine gluconate,48,49 sodium hypochlorite,50-52 po-
vidone-iodine,20 iodine,53 mouthwash,54 silver and 
silver compounds.55,56 Some of these periodic 
cleaning/disinfection methods, although effective 
in controlling planktonic organisms and possibly 
biofilms, do not eliminate existing biofilms or bio-
film formation due to the inherent contamination 
of source water when municipal water or only low 
grade antimicrobials in the irrigant is used. There-
fore in addition to initial & periodic cleaning/disin-
fection of the water systems, purification of water 
or providing an irrigant of acceptable microbial 
quality is necessary. Using untreated tap/munici-
pal source water for dental treatment is not reli-
able with respect to microbial quality, as studies 
have repeatedly demonstrated planktonic counts 
ranging from zero to at least a few hundred colony 
forming units, exceeding the contamination levels 
set per current CDC’s recommendations for den-
tal treatment water quality of 500 colony forming 
units/milliliter (CFU/mL) in the United States of 
America.7,8,11,36,47,49,52,53,57,58 
Silver compounds and ionic silver have been 
used as antimicrobials in health care and particu-
larly in dressing materials for burn care and wound 
care and have little or no side-effects but good an-
timicrobial properties.59-61 Silver citrate has been 
incorporated into the material composition of in-
dwelling urinary catheters and has shown merits 
with respect to microbial and biofilm control.62,63 
Silver ion technology (silver citrate) in municipal 
water as a continuously present antimicrobial is 
also being used to treat the municipal water for ir-
rigation purposes. While use of sodium hypochlo-
rite (NaOCl) in higher concentrations is effective 
in biofilm control,7,8,11,19 and in low concentrations 
in “improving” microbiological quality of dental 
treatment water, it is very corrosive and damaging 
to the dental unit water system.51,52 High amounts 
of trihalomethanes (carcinogens) are produced 
when in contact with organic matter such as bio-
films.64 Constantly present low levels of NaOCl in 
the presence of organic matter can also increase 
the total trihalomethane levels beyond levels set 
by the U.S. Environmental Protection Agency. The 
use of NaOCl for the specified purpose of cleaning 
DUWLs has not been approved by the U.S. FDA. 
“Purely using any low level antimicrobial without 
initial and periodic cleaning of lines may expose 
patients and employees to endotoxins.”36 
The objectives of this study were to determine 
the effects of various concentrations of hydrogen 
peroxide on mature waterline biofilms and in con-
trolling planktonic (free-floating) organisms in 
simulated dental treatment water systems; an ad-
ditional objective was to study in vitro the effects of 
2%, 3%, and 7% hydrogen peroxide on the removal 
of mature biofilms and inorganic compounds in 
dental waterlines.
MAtErIALs And MEtHods
Naturally occurring biofilms of heterotrophic 
mesophilic microorganisms that had accumu-
lated on dental lines utilized in dental suites were 
harvested and used in this study. No specific mi-
crobes were introduced into the lines. An auto-
mated, dental unit water system simulation device 
(Figure 1A-C.) was used to simulate the water flow 
in an operating dental suite. The simulation device 
was retrofitted with four dental unit waterlines 
(over 10 years old) to simulate water systems of 
four operating dental suites. The waterlines had 
mature biofilms and heterotrophic contamination 
of  more  than  400,000  CFU/mL.  Planktonic  con-
tamination was studied using heterotrophic plate 
counts and biofilm presence was confirmed us-
ing Laser Scanning Confocal Microscopy (LSCM) 
as well as Scanning Electron Microscopy (SEM). 
Effluent water was neutralized with sodium thio-
sulphate prior to heterotrophic plate count (HPC) 
in triplicate, to study contamination by planktonic 
microorganisms using R2A agar plates. R2A Agar 
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growth medium is a low nutrient agar, which, in 
combination with a low incubation temperature 
and an extended incubation time, is suitable for 
the recovery of stressed and chlorine-tolerant 
bacteria from drinking water.65,66
The automated dental unit water simulation 
system prototype was initially designed, tested 
and used by Dr. R. Puttaiah, Mr. E. Gambal and 
Dr. S.E. Mills at the Dental Investigations Service, 
Brooks AFB, San Antonio, TX in 1995.7,8 The Auto-
mated Dental Unit Water System Simulator for in 
vitro use, used in this study was designed by Dr. R. 
Puttaiah, BCD TAMUS HSC, Dr. J. Zawada, A-dec 
Inc., and Dr. S. Seibert, BCD TAMUS HSC and con-
structed by A-dec Inc. Newberg, OR (Figure 1). The 
Simulation Device uses 8 dental unit water line 
systems built to scale which function as a dental 
unit water system. Each dental unit water line sys-
tem simulates a single dental suite. Each Dental 
Unit has 4 handpiece lines and 1 Air/Water Syringe 
Line attached to a Control Block. The source water 
(inlet water) can be derived from the municipal-
ity or a self-contained reservoir (to introduce dif-
ferent irrigants). All 8 units can be independently 
controlled (independent unique functions) or may 
be collectively controlled using an Allen-Bradley 
Logic Controller (Allen-Bradley & Rockwell Auto-
mation, Milwaukee, WI, USA) that turns the units 
‘on’ and ‘off’ based on the algorithm provided to 
simulate water usage (period of flow) while manu-
al valves control the flow volume. The algorithms 
have been programmed into the RSLogix (Allen-
Bradley & Rockwell Automation, Milwaukee, WI, 
USA) automation software using a personal com-
puter, which in turn controls the logic controller 
based on programmed algorithms. The algorithms 
used in this study simulated typical dental clinic 
use of about 600 – 650 mL per day, with an inter-
mittent flow (hourly cumulative time of 12-minute 
random flow), 6 hour work day of 4 days per week. 
The unit was shut off nights and weekends.
Preparation of the test system
Waterlines from operating dental units (10 
years or older) were harvested and attached to the 
Automated Dental Unit Water System Simulator. 
The Simulator used municipal water as irrigant 
for 1 month to maintain viable biofilms and het-
erotrophic contamination. Municipal water pH was 
7.0 – 7.5 and the total dissolved solids 180 ppm 
to 250 ppm. Line samples were removed from 
each unit to evaluate the biofilm at baseline using 
LSCM (Figure 2). Heterotrophic Plate Count (HPC) 
of planktonic or free-floating microbes in efflu-
ent treatment water samples were collected from 
each unit to measure contamination levels. HPC of 
effluent water showed a maximum contamination 
of >400,000 CFU/mL from the collected water in 
each dental unit. 
To study effects of Hydrogen Peroxide (H2O2) 
on mature waterline biofilms and in controlling 
planktonic organisms in dental treatment water, 
four units in the simulated dental water system 
were used in this study.
• Unit 1 (treatment 1) used 1% H2O2 for 4 ini-
tial cleanings each 5 minutes in contact within the 
lumen followed by weekly cleaning. Irrigant was 
0.05% H2O2 in municipal water for simulated den-
tal care.
• Unit 2 (treatment 2) used 2% H2O2 for 4 ini-
tial cleanings each 5 minutes in contact within the 
lumen followed by weekly cleaning. Irrigant was 
0.15% H2O2 in municipal water for simulated den-
tal care.
• Unit 3 (treatment 3) used 3% H2O2 for 4 ini-
tial cleanings each 5 minutes in contact within the 
lumen followed by weekly cleaning. Irrigant was 
0.25% H2O2 in municipal water for simulated den-
tal care. 
• Unit 4 (control) was initially cleaned using 60 
ppm of Active Chlorine Dioxide (ClO2) 4 times for 5 
minutes contact and used municipal water as an 
irrigant for simulated dental care. No additional 
cleaning with ClO2 was conducted throughout the 
rest of the study.
Baseline and weekly water samples were col-
lected in sterile containers. The lines hold ap-
proximately 20 mL water; therefore, 10 mL water 
was collected before use in the morning after the 
unit remained stagnant overnight. These were 
pooled samples (4 handpiece and 1 Air/Water Sy-
ringe lines from each simulation unit) of about 2 
mL each. All the external line surfaces near the 
effluent area (6 inches) of the tubing were cleaned 
with an alcohol swab twice before collection to 
control external contamination. The collected wa-
ter was neutralized with sodium thiosulphate by 
mixing 0.1 mL water sample in 0.9 mL sodium 
thiosulphate (10 mg in 125 mL sterile water, Mil-
lipore Whirl-pak bag with thiosulphate) and held 
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for 30 seconds. A 1.0 mL aliquot of the neutral-
ized sample was plated on R2A agar, incubated at 
room temperature (22°C) for 7 days and the colo-
nies counted. Water samples were plated in tripli-
cate. Sterility controls were conducted in parallel.   
Mean heterotrophic CFUs/mL were converted into 
Log10 values (CFUs/mL) for normalization of data 
and compared using Oneway Analysis of Variance 
and Scheffe’s post-hoc test at alpha 0.05.
LSCM of biofilms and other deposits in the lu-
men of lines were studied on the lumenal surfaces 
from lines, with 1 cm from each unit harvested at 
baseline (post initial cleaning) and at 60 days. The 
outer surface of the waterline to be harvested 
was wiped with an alcohol swab on the outside 
and handled aseptically. The blade used to slice 
the line was wiped clean with an alcohol swab. A 
1 cm section of line from each Unit was removed, 
slit axially and immediately dyed using the Mo-
lecular Probes, Invitrogen Corporation, Carlsbad, 
California, USA. LIVE/DEAD® BacLightTM Assay 
(The BacLight Green (B-35000) and BacLight Red 
(B-35001) bacterial stains are fluorescent labeling 
reagents for detecting and monitoring bacteria. 
These two dyes are not nucleic acid stains. Bac-
teria stained with the BacLight Green and BacLight 
Red bacterial stains exhibit bright green and red 
fluorescence (absorption/emission ~480/516 and 
~581/644 nm, respectively. The BacLight kits are 
well  suited  for  use  with  LSCM.  The  LIVE/DEAD 
BacLight Bacterial Viability Kits employ two nu-
cleic acid stains — the green-fluorescent SYTO® 
9 stain and the red-fluorescent propidium iodide 
stain. These stains differ in their ability to pen-
etrate healthy bacterial cells. When used alone, 
SYTO 9 stain labels both live and dead bacteria. In 
contrast, propidium iodide penetrates only bacte-
ria with damaged membranes, reducing SYTO 9 
fluorescence when both dyes are present. Thus, 
live bacteria with intact membranes fluoresce 
green, while dead bacteria with damaged mem-
branes fluoresce red). While being observed using 
laser scanning confocal microscopy, the sample 
holding mount/immersion slide was wiped with an 
alcohol swab and sterile water was used for im-
mersion. No neutralization of the biofilm samples 
was conducted. Following staining, the lines were 
immediately studied using LSCM. The biofilms 
were observed using a water immersion 40X lens 
and digital images made.
The complete lumenal surface was scrutinized 
and the worst case scenario recorded/imaged to 
identify any residual biofilm or other deposits. Al-
though topographic images and channel graphs 
Figure 1A. Front view of the automated dental unit simulator showing 8 dental unit 
water systems with pressure gauges and manual control switches.
Figure 1B. Side view showing effluent end of waterlines (4 handpiece & 1 Air/Water 
Syringe per each of the 8 dental unit water systems) and pneumatic controls. 
Figure 1C. Computer Terminal Screen displaying a unique algorithm/flowchart on 
“RS Logix Automation Software” that controls Allen-Bradley Logic Controller, and 
the latter controlling the “opening and closing” functions of water in the Handpiece 
lines and the Air/Water Syringe lines. 
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including quantitative outputs were generated, 
no quantitative tests or three-dimensional analy-
sis were performed on the output as we did not 
standardize the view, field or aperture for the 
images as needed for quantification.67 Only live/
dead (green/red) images were used for qualitative 
presence or absence of viable biofilm/cells. After 
LSCM the same samples were desiccated, coated 
with gold palladium for SEM and the worst case 
scenario (maximum contamination in sample) 
viewed and recorded/imaged at 1600X. SEM was 
conducted to see if there were biofilms but mostly 
for studying inorganic matter such as salt depos-
its from hardness in municipal water previously 
used in the lines when they were in use in clinical 
dental units.
To study the effects of 2%, 3% and 7% H2O2 
on mature biofilms and inorganic compounds in 
dental waterlines, three 250 mL monojet syringes 
were attached to lines (30 cm long) with about 10 
-14 year old biofilms. Treatment Group 1 used 2% 
H2O2, Treatment Group 2 used 3% H2O2, and Treat-
ment Group 2 used 7% H2O2 to challenge biofilms 
and inorganic matter in lines. For each group, a 
fresh 10 mL of H2O2 of their respective concentra-
tion was loaded at 0, 5, 10, 20, 30, 60, 180, 360 and 
1440 minutes. There were no active flushes be-
tween loadings at each time interval. A line sam-
ple (1 cm length) at each time interval was gently 
harvested from each group (distal end away from 
the syringe) for LSCM (procedures for processing 
line samples were similar to those in Task 1) and 
SEM to study removal of both inorganic and depos-
its. The luminal surface was scrutinized to identify 
the worst case scenario for both biofilm and inor-
ganic deposits and imaged. A representative sam-
ple was not taken or considered as we wanted to 
identify any residue. Outcomes were classified on 
a 5 level ordinal scale for biofilm/deposit presence 
with 1=presence of mature biofilm matrix; 2=bio-
film present & no mature matrix; 3=scattered mi-
crobes & no biofilm; 4=no microbes & no biofilms; 
5=inorganic deposits with no biofilm or microbes.
rEsuLts
Figure 3 shows the graph of longitudinal ob-
servation of the contamination levels (HPC) of 
the effluent water from the control and the treat-
ment units and were computed as CFUs/mL. Af-
ter initial cleaning of all the units (Treatment and 
Control Units), all effluent counts started below 
the 500 CFU/mL maximum contamination level 
Unit Mean Std. Deviation
Control Unit
Absolute CFU/mL 104365.65 101773.21
Log10 CFU/mL 4.73 0.62
TX Unit 1
Absolute CFU/mL 13.48 60.35
Log10 value 1.49 0.84
TX Unit 2
Absolute CFU/mL 1.74 3.88
Log10 value 1.00 0.00
TX Unit 3
Absolute value 1.30 3.44
Absolute CFU/mL 1.00 0.00
Table 1. Descriptive statistics of heterotrophic contamination in effluent water from simulated control and treatment units.
Figure 2. Laser Scanning Confocal Micrograph of a mature dental unit waterline 
biofilm showing Green and Red dyed cells (dyed with Baclight™ Green and Red). 
The Green cells are "Live" cells (absorb Green Dye) and the Red cells are "Dead" 
cells (absorb Red Dye) in the biofilm. These cells are interspersed within the biofilm 
along with the extracellular components. 
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of treatment water set by the CDC.  The control 
unit showed unacceptable levels from week 1 on-
wards reaching a maximum contamination level of 
400,000 CFU/mL by the end of the 12 week study. 
Treatment Unit 1 showed a maximum contamina-
tion in week 2 and thereafter remained below 500 
CFU/mL. Treatment Units 2 & 3 remained below 
500 CFU/mL limit throughout the 12 week study. 
A summary of descriptive statistics (Table 1) 
addresses the mean contamination levels (both 
absolute values and Log10 values of the CFUs/mL). 
One way analysis of variance (α=0.05) and Schef-
fe’s post hoc tests were used to study any differ-
ence between the Log10 values of the effluent het-
erotrophic plate counts of the four units. Test for 
homogeneity of variance showed a significant dif-
ference between the contamination levels among 
the groups (P<.05). Scheffe’s post hoc test for 
multiple comparisons determined that there was 
no significant difference between any of the treat-
ment groups (P>.05), while all treatment groups 
showed significantly lower contamination levels 
than the control group (P<.05).
LSCM and SEM of the waterline surfaces to 
study the effects of periodic cleaning with H2O2 
and the use of dilute H2O2 as irrigant in differing 
concentrations conducted in Task 1 are described 
as a template (Figure 4). At baseline, the Control 
Unit had a minimal amount of salt deposits and 
biofilms while the Treatment Unit 1 had a clean 
line surface with no visible salt or biofilm depos-
its in the field of view Treatment Units 2 and 3 
showed very little biofilm deposits but a significant 
amount of salt deposits at baseline. At the end of 
the study, both the Control Unit and the Treatment 
Unit 1 showed residual biofilms. Treatment Units 
2 and 3 showed cleaner line surfaces with respect 
to salt deposits but still showed residual biofilm. 
All Z-view samples (Control & Treatment Groups) 
showed residual biofilm deposits ranging from 
traces to a large mass. In this 12 week study, only 
the 3% and 2% H2O2 showed better salt removal 
than the 1% H2O2. 
The in vitro test (Task 2) to study the effects of 
2, 3 and 7% H2O2 on biofilm removal were a 24 hour 
longitudinal challenge study. All three groups had 
biofilms and salts at baseline. 2% H2O2 periodic 
cleaner/disinfectant had a minimal noticeable dis-
ruption of the mature biofilm with some removal 
of inorganic deposits. 3% H2O2 showed a notice-
able removal of biofilm and salt deposits. 7% H2O2 
removed biofilm and salt deposits similar to the 
3% H2O2. Although minimal, there still remained 
some residual biofilm on the line surface in both 
the 3% and 7% H2O2 treatments (Figure 5).
dIscussIon
Contamination of dental unit water systems and 
possibility of risks to patients have been addressed 
for over 50 years.15,16 Although the American Den-
Figure 3. The Control Unit’s contamination started at <10 CFU/mL reached unacceptable contamination levels by the end of the first week. Although all Treatment Units were 
highly contaminated prior to initial cleaning, their counts remained below 500 CFU/mL throughout the study period but for one sample from Treatment Unit 1. Treatment 
Unit 1 showed only one count of >500 CFU/mL in week 3 but remained below 500 CFU/mL for the remainder of the 12 week study.
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tal Association (ADA) set goals of <200 CFU/mL of 
heterotrophic counts for dental treatment water 
contamination levels, only in the recent past, the 
ADA and the Centers for Disease Control & Pre-
vention concluded that the maximum contami-
nation of dental treatment water should be <500 
CFU/mL and that biofilms in dental unit water sys-
tems should be controlled.44,68,69 These guidelines 
are based on microbial characteristics, patient 
susceptibility, lack of and difficulties associated 
with epidemiological surveillance (morbidity and 
mortality) other than sero-epidemiological stud-
ies demonstrating health risks for both patients 
and employees.4,5,14,18,21,31-36,68,69
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Figure 4.  Laser scanning confocal & scanning electron micrographs of  baseline and post study waterline surfaces - in vivo 12 week study. 
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Hydrogen peroxide in different formulations 
(alkaline peroxide as well as silver added to 6% 
H2O2 respectively) has been studied with respect to 
biofilm control in dental unit water systems.56,70,71 
In this study we used over the counter hydrogen 
peroxide that was readily available in pharmacies, 
for both periodic cleaning as well as a low grade 
irrigant after dilution in municipal water, and hy-
drogen peroxide that was marketed as a high-lev-
el disinfectant (Sporox, Sultan Chemicals, NY) as 
periodic flush only. The main thrust of this study 
was to determine in vitro (but as close as possible 
to use in dental equipment) the best concentra-
tion of H2O2 for periodic cleaning of already exist-
ing deposits (both inorganic and biofilms) in den-
tal unit water systems. In addition we wanted to 
determine a much lower and safer concentration 
of H2O2 in municipal water as irrigant/coolant for 
use in dental treatment. After determining peri-
odic cleaning and the irrigant concentrations, the 
prototype fuel-cell technology based H2O2 electro-
chemical generator could be calibrated to produce 
the concentrations on a turn-key basis.
The prototype fuel cell based H2O2 generator 
that was developed and calibrated has demon-
strated the capability to produce up to 3.3% H2O2 
for greater than 4000 hours of use (based on test-
ing of the prototype at Lynntech Inc. College Sta-
tion, Texas, USA). Other than the biofilm challenge 
tests and control of microbial contamination of 
the dental water system, effects of H2O2 on metal 
and non-metal components of the water system, 
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Figure 5.  Laser scanning confocal and scanning electron micrographs of baseline and post 24 hour challenge waterline surfaces - in vitro 24 challenge test.
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elemental metal analysis using standardized met-
al coupons, and effects on composite bonding to 
enamel and dentin were also studied and will be 
published in series or in other suitable journals. 
These types of tests need to be performed not 
only for efficacy testing of germicides in microbial 
control, but also to determine deleterious effects 
if any, on dental unit water systems as well as pa-
tient safety. The information generated could be 
used by regulatory agencies such as the United 
States Environmental Protection Agency (US-EPA) 
for disinfectant/device registration, and the United 
States Food and Drug Administration (US-FDA) 
in providing marketing clearance of the physical 
device as well as the electrochemically produced 
germicide for efficacy as well as for patient safety 
respectively.
H2O2 and ClO2 were chosen as germicides of 
choice in this study due to safe history in mouth-
wash and as a solution to decontaminate items 
used in patient care. They are relatively less harm-
ful than sodium hypochlorite and do not produce 
disinfection-by-products such as trihalomethanes 
in the presence of organic matter.12,36,47,49,53,64 In 
this study, lines with naturally grown biofilms at-
tached to an automated in vitro system were used 
to study effects of the germicide (H2O2). Naturally 
grown biofilms interspersed with salts from hard 
water cannot be standardized and are hardier 
than rapidly grown biofilms without salt deposits 
developed in a laboratory.72 Natural biofilms in 
dental waterlines as observed in this study was 
found interspersed with salt deposits. One of the 
issues was that the salts may have had a neu-
tralizing/buffering effect on inorganic chemicals 
(H2O2) used as a biofilm control agent as observed 
in this study.
We proposed that contamination control in 
dental unit water systems should be a combina-
tion approach, addressing biofilm removal/con-
trol as well as the control of planktonic microbes 
that contribute to contamination of dental irrigant/
coolant. This combination approach will be help-
ful in meeting the CDC Guidelines of <500 CFU/mL 
in dental treatment water from dental units and 
ultrasonic units for general dental treatment on a 
consistent basis. This approach of multiple base-
line decontamination followed by scheduled peri-
odic treatment of the system to control biofilms 
and inorganic components demonstrated control 
of planktonic microbes in dental treatment water 
(Table 1, Figure 3) as within 3 weeks all treatment 
groups showed mean counts of <10 CFU/mL. The 
control group that was initially cleaned but used 
municipal water had contamination levels exceed-
ing the 500 CFU/mL mark by the second week and 
reached  >400,000  CFU/mL  by  week  12.  In  con-
trast, biofilm eradication within 12 weeks was not 
accomplished (Figure 4). When concentrations as 
high as 3% were used for initial and periodic clean-
ing, the representative scans showed no biofilm or 
salt deposits by the end of study, however, on fur-
ther scrutiny of the complete line surface, we found 
occasional clumps of residual biofilm. Biofilm 
disruption and control was seen in all treatment 
units with varying degrees. In the in vitro biofilm 
challenge test (Figure 5), 7% H2O2 (very high con-
centration) did not eradicate biofilms in the water-
line, even when in contact with the line surface for 
24 hours, demonstrating the tenacity of naturally 
occurring deposits (inorganic salts and biofilms) 
in dental waterlines. 7% H2O2 however should not 
be used for cleaning lines as it is very corrosive 
on dental unit water system components (even 1% 
H2O2 showed some corrosion over time). One pos-
sible explanation for not being able to eradicate 
biofilms could be buffering effects of the salts lin-
ing the surface of the waterlines on the H2O2 be-
ing introduced and weaken its effects on biofilms. 
More standardized studies need to be conducted 
to study this phenomenon. Biofilm eradication was 
difficult and even the control of biofilms could take 
a long time in older dental units that have never 
been cleaned before. Multiple initial cleanings fol-
lowed by weekly cleanings with H2O2 as low as 1% 
and use of resulting 0.05% H2O2 in municipal wa-
ter regularly as an irrigant controlled biofilms and 
planktonic contamination of the dental waterlines 
and treatment water respectively. After review-
ing outcomes of various concentrations of H2O2 on 
dental unit water system components, standard-
ized metal coupons, composite bonding to enamel 
and dentin (completed in the broader study12 that 
will be published separately), we determined that 
2% H2O2 when used as a periodic cleaner (<5 min-
ute contact with lines), and 0.05% mixture in mu-
nicipal water for irrigation purposes was effective 
in controlling biofilms and planktonic contamina-
tion.
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concLusIons
Based on the findings in this study, we con-
clude that 2% H2O2 used as a periodic cleaner, and 
diluted to 0.05% in municipal water for irrigation, 
was beneficial in controlling biofilm and plank-
tonic contamination in dental unit water systems 
and met the CDC’s guidelines of <500 CFU/mL 
of heterotrophic microorganisms in dental treat-
ment water. However, to remove well established 
biofilms, it may take more than 2 months when 
multiple initial cleanings and repeated weekly 
cleaning with 2% H2O2 are conducted. 
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